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Epidemiology of hypertension in Yemen: effects of 
urbanization and geographical area 

Pietro Amedeo Modesti 1,2 , Mohamed Bamoshmoosh 3 , Stefano Rapi 1 , Luciano Massetti 1 , Dawood Al-Hidabi 3 
and Husni Al Goshae 3 

Although globalization can contribute to increased blood pressure by spreading unhealthy behaviors, it also provides powerful 
means to tackle hypertension. The dissemination of information about and advice on cardiovascular prevention and facilitated 
contact with health services are valuable resources. To investigate the effects of urbanization, geographical area, and air 
temperature on hypertension burden and kidney damage, a survey was performed in 2008 with a door-to-door approach among 
urban and rural adult dwellers of three geographic areas (capital, inland, coast) of Yemen. Subjects {n= 10 242) received two 
visits several days apart to confirm the diagnosis of hypertension. Proteinuria (dipstick test ^ + 1) was used as a marker of 
kidney damage. Prevalence rates were weighted to represent the Yemen population aged 15-69 years in 2008. Rates of 
hypertension and proteinuria progressively increased from the capital (6.4%; 95% confidence level (CI) 5.8-7.0 and 5.1%; 
4.4-5.9, respectively), to inland areas (7.9%; 7.0-8.7 and 6.1%; 5.1-7.1), to the coastal area (10.1%; 8.9-11.4 and 8.9%; 
7.3-10.4). When compared with urban dwellers, rural dwellers had similar hypertension prevalence (adjusted odds ratios (ORs) 
1.03; 95% CI 0.91-1.17) but higher proteinuria rates (adjusted ORs 1.55; 1.31-1.85). Overall, home temperature was 
associated with a lower hypertension rate (adjusted OR 0.98; 0.96-0.99). This large population study reveals that the highest 
burden of hypertension and kidney damage is detectable in remote areas of the country. 
Hypertension Research (2013) 36, 711-717; doi:10.1038/hr.2013.14 ; published online 14 March 2013 
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INTRODUCTION 

Globalization can contribute to increased prevalence of high blood 
pressure (BP) by spreading unhealthy lifestyle and dietary habits to 
developing countries. 1-3 However, globalization may also offer 
favorable opportunities to countries with fewer resources by 
improving the dissemination of knowledge and achieving a high 
level education as well as increasing contact with health services. 4-6 
The effects of globalization are generally more evident in urban areas. 
However, the effect of geographical area might also be relevant in 
developing countries. In Yemen, a country characterized by a highly 
traditional lifestyle, the capital, Sana' a, is located at an altitude of 
2300 m (7500 ft) in the highlands, one of the highest capital cities in 
the world. The absence of railways and the poor road transportation 
system make communications with the coastal plains difficult. Thus, 
the rural area surrounding Sana'a might differ from rural areas of 
remote regions of the country. Information regarding prevalence, 
awareness, treatment and control rates of hypertension in Yemen is 
limited to the capital area. 7-9 The possibility of extending those data 
at a national level might lead to biased results because sociocultural 
and environmental factors and traditional or religious habits may 
influence the final development of biological risk factors. Therefore, 



further epidemiological studies are needed. Finally, although a 
negative correlation between BP reading values and environmental 
temperature was consistently reported, 10-12 the potential effect of 
temperature on hypertension burden estimation in epidemiological 
surveys performed with a door to door approach has not been 
investigated. 

The country was thus stratified into three different geographic 
areas, and the prevalence of hypertension was estimated on the basis 
of two visits as recommended by current clinical guidelines. 13 ' 14 

METHODS 

Study sites and study population 

A multi-stage stratified sampling method was used. In the first stage, the 
country was stratified into three regions: the capital area, the inland area and 
the coastal area. The governorate of Sana'a (capital area), the governorate of 
Taizz (inland), and the governorates of Al Hudaydah and Hadramaut (coast) 
were selected to be representative of the geographic, economic and climatic 
characteristics of the three regions. In the second stage, rural and city regions 
were identified from each study area. In the third stage, districts were 
arbitrarily identified within each urban and rural region, and boundaries were 
defined using local maps or in consultation with the local health workers. The 
total number of districts within each study area (20 in the capital area, 12 in 



department of Clinical and Experimental Medicine, University of Florence, Azienda Ospedaliero Universitaria Careggi (AOUC), Florence, Italy; 2 Fondazione Don Carlo Gnocchi, 
Centra di S.Maria degli Ulivi, Florence, Italy and department of Cardiology, University of Science and Technology, Sana'a, Yemen 
Correspondence: Professor PA Modesti, Clinica Medica Generale e Cardiologia, University of Florence, Viale Morgagni 85, Florence 50134, Italy. 
E-mail: pamodesti@unifi.it 

Received 24 October 2012; revised 26 November 2012; accepted 19 December 2012; published online 14 March 2013 



Hypertension burden in Yemen 

PA Modesti et al 



712 



the inland area and 8 in the coastal area) was proportional to the estimated 
population size of the area. In the final stage, because of the lack of a national 
population register, 15 a cluster of 250 adult participants, equally stratified by 
gender and age (15-24, 25-34, 35-44, 45-54 and 55-69 years) to a total of 
10 strata, was made for each district. All male and female subjects aged 15-69 
years who were permanent residents in the study areas, with the exception of 
pregnant women, were eligible. All study personnel successfully completed the 
specific 1-week training program and pilot testing in Sana'a (December 
2007). 16 The study was approved by the ethical committee of the University 
of Science and Technology, Sana'a, Yemen. Informed consent was obtained 
from each participant before data collection. 

Data collection 

The burden of hypertension on the population was assessed by taking BP 
measurements in triplicate on two home visits, separated by a few days as 
previously reported. 17 During the first visit (visit 1), three measurements of BP 
and pulse rate were taken 2-min apart on the dominant arm after a rest of at 
least 15min, with subjects in a seated position. 13 ' 18 Readings were obtained 
with a clinically validated semiautomatic sphygmomanometer (HEM 705 IT; 
Omron Matsusaka, Mie, Japan). The averages of the last two readings for 
systolic and diastolic BP were defined as SBP1 and DBP1, respectively. 
Anthropometric measurements (weight, height, and waist and hip 
circumference) were taken. 17 Then, finger prick blood samples were 
obtained from fasting (>8h) subjects aged ^15 years to measure fasting 
glucose (FG1) (Accutrend system, Roche Diagnostics, Mannheim, Germany), 
cholesterol and triglyceride blood values (MultiCare-in, Biochemical System 
International, Arezzo, Italy) using dry chemistry. 19 A urine sample was 
collected and a dipstick test (Auction sticks, A Menarini Diagnostics, 
Florence, Italy) 17 was immediately performed. The results were determined 
by careful visual comparison of the test strip with a color chart provided on the 
bottle label. All subjects were then visited again within the next 10 days by the 
same survey team using the same measurement devices and procedures for a 
second session of BP (SBP2 and DBP2) and fasting glucose (FG2) 
measurements. Air temperature was measured at the homes of the 
participants during the two visits using digital thermometers (Checktemp, 
Hanna Instruments, Padova, Italy) (accuracy: ± 0.3 °C; range —20 to 90 °C). 

Diagnostic criteria and definition of variables 

Outcome variables included hypertension, awareness, treatment and control. 
Arterial hypertension was defined as (1) SBP1 and SBP2^ 140mmHg and/or 
DBP1 and DBP2^90mmHg and/or (2) self- reported use of antihypertensive 
drugs at the time of the interview. 13 Average SBP and DBP values measured at 
the two visits were categorized according to the guidelines of the European 
Society of Hypertension/European Society of Cardiology (ESH/ESC). 13 
Awareness of hypertension was defined as self-report of any prior 
diagnosis of hypertension by a health-care professional among the 
population defined as having hypertension. Hypertension treatment was 
defined as a self-reported use of antihypertensive drugs within the 2 weeks 
preceding the interview. A prevalence estimate of treatment was relative to the 
number of hypertensive patients. Hypertension control was defined as SBP1 
and SBP2< 140mmHg and DBP1 and DBP2<90mmHg. The proportion of 
hypertension control was relative to the number of hypertensive patients 
treated with drugs. 20 

Covariates included gender, age in decades, living area (rural/urban), 
geographical area (capital, inland, coast), air temperature measured at home 
(average of the two visits) and education level. The model was also adjusted for 
potential confounders including comorbidities (diabetes mellitus (DM), over- 
weight or obesity, high cholesterol and high triglycerides) and behavioral 
factors (sedentary lifestyle, smoking, fruit and vegetable consumption). DM 
was defined as (1) FG1 and FG2 ^7.0mmoll _1 and/or (2) self-reported use 
of hypoglycemic medications at the time of the interview; impaired FG as 
FG^5.6mmoll _1 and <7.0mmoll _1 in the absence of hypoglycemic 
medications; and normal FG as FG1 and FG2 <5.6mmoll. 21 The results of 
dipstick urinalysis were recorded as follows: (1) urinary proteins: negative (0), 
trace (±) or proteinuria (^1 + ). The reliability of the measurements 
performed by visual inspection of strips was previously assessed. 22 



Overweight and obesity were defined as a body mass index of 25.0- 
29.9 kg m -2 and ^30kgm -2 , respectively. Gender-specific tertiles for body 
mass index were calculated using data from adult subjects without hypertension, 
normal FG, cholesterol <5.0mmoll _1 and triglycerides <1.7mmoll _1 . The 
resulting cutoffs were 20.0 and 23.2 kg m -2 for men and 20.5 and 24.3 kg m -2 for 
women. Abdominal obesity was defined as waist circumference > 102 cm in 
men or > 88 cm in women. Subjects were classified as having high cholesterol 
( >5.0mmoll _1 ) or high triglycerides ( > 1.7mmoll -1 ). 13 A smoker was 
defined as one who smoked any form of tobacco on a daily (daily smoker) 
or a non-daily (occasional smoker) basis. Those who had smoked but had quit 
were designated as former smokers, and those who had never smoked at all were 
designated as non-smokers. Fruit and vegetable consumption was classified as 
(1)^1 day per week; (2) 2-4 days per week; (3) ^5 days per week. Participants 
were categorized as sedentary if they walked or cycled for < 10 min daily, if their 
job did not involve intense physical activity, and if they did not regularly 
participate in sports or recreational physical activities. 

Statistical methods 

Description and validation of the database can be found elsewhere. 16 Data are 
expressed as means ±s.d. with 95% confidence level (CI) for continuous 
variables and as rates with 95% CI for categorical variables. A sample size of at 
least 1117 subjects was required to achieve a 1% precision at an estimated 
prevalence of DM of 3% with 95% CI. The estimated required sample size for 
two-sample comparison of diabetes prevalence of 2.25% vs. 3.75% with the 
assumption of 0.05 alpha (two-sided), 80% power, was 2161 subjects for each 
group. 23 

Directly age-standardized prevalence rates for the age ranges 15-69 years 
and 35-69 years in the overall population were calculated using the WHO 
World Standard Population. 24 Where unspecified, all calculations presented 
were weighted to represent the total Yemen populations aged between 15 and 
69 years. Weights were calculated on the basis of data from the 2008 estimated 
Yemen population census. 15 Using gender-specific population figures for 
Yemen, directly age-standardized prevalence rates were calculated for men 
and women, urban or rural locations, and the three geographic areas. 15 ' 23 
The rate of hypertension awareness and treatment was calculated on the sub- 
population of hypertensive patients, and hypertension control was considered 
among the subgroup of treated subjects. As no national data were available for 
these two sub -populations for the purpose of weighting, we did not weigh the 
data at this stage of analysis. 

Associations between variables and the prevalence of hypertension were 
preliminarily explored with univariate logistic regression analysis, and the 
diagnosis of hypertension was entered as a dependent dichotomous variable. 
Associations were then investigated with multivariate logistic regression 
analysis using three different models (independent variables included as a 
block with forced entry): 

(a) adjusted for age, gender, urban or rural location, geographical area 
(capital, inland, coast) and level of education (illiterate, can read and 
write, primary school, secondary school, high school, college or 
postgraduate); 

(b) adjusted for age, gender, urban or rural location, geographical area 
(capital, inland, coast), level of education (illiterate, primary or secondary 
school, high school or more), and average air temperature at the two 
survey visits; 

(c) adjusted for age, gender, urban or rural location, geographical area 
(capital, inland, coast), level of education (illiterate, can read and write, 
primary school, secondary school, high school, college or postgraduate), 
average air temperature at the two survey visits, self-reported sedentary 
lifestyle (vs. active), smoking habits (never, past, occasional, daily), 
vegetable and fruit consumption (categories), obesity (body mass index 
tertiles), blood glucose categories, high cholesterol and high triglycerides. 

Associations were investigated among all participants (for hypertension 
diagnosis and the self-report of having BP measured at least one time during 
the previous year), among the subgroup of subjects with hypertension 
diagnosis (for hypertension awareness and pharmacologic treatment), and 
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among the subgroup of 528 hypertensive subjects treated with antihypertensive 
drugs (for BP control). 

Results are expressed as odds ratio (OR) with 95% confidence limits 
(95% CI). The test of the hypothesis was performed at a two-sided significance 
level of 0.05. The Statistical Package for the Social Sciences software (SPSS, 
Chicago, IL, USA), version 19.0, was used for statistical analyses. 

RESULTS 

Characteristics of cohort participants 

The main characteristics of the 10 242 study participants (5063 men 
and 5179 women) are reported in Table 1. Age-specific and age- 



weighted SBP and DBP values in HYDY (hypertension and 
diabetes in Yemen) study participants are reported in 
Supplementary Table IS. The average number of years spent in 
school was 9.4 (95% CI 9.1-9.6) for men and 6.1 (5.8-6.4) for 
women, and 35.5% of the women and 10.3% of the men were 
illiterate. Approximately 5.4% and 2.2% of men had obesity or 
abdominal obesity, respectively. The obesity or abdominal obesity 
prevalence in women was 10.5% and 19.5%, respectively. The 
average air temperatures recorded at participants' homes during 
the two sessions of BP measurements were 22.0 °C (95% CI 
21.9-22.1 °C; n = 4977) in the capital area, 25.4 °C (25.3-25.5 °C; 



Table 1 Age-weighted characteristics of HYDY participants by gender 
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Abbreviation: CI, confidence level. 
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n = 3039) inland and 28.3 °C (28.1-28.4 °C; n = 2147) in the 
coastal area. 

Risk factor prevalence 

The age-specific rates of hypertension, awareness, treatment 
and control are reported in Supplementary Table 2S. Overall, 
1307 participants fulfilled the criteria for hypertension, with an 
age-weighted (15-69 years) prevalence of 7.7% (95% CI 7.2-8.1; 
Table 2). In crude analysis, the odds of being hypertensive in women 
were 1.2 (95% CI 1.4-1.9) times that of men. This significance of this 
association was lost after adjusting for education level and other 
confounders (Figure 1). The capital area had the lowest prevalence of 



hypertension (Table 2). Differences between geographic areas were 
independent of urban/rural residency, demographic characteristics, air 
temperature, health behavior, risk factors and associated clinical 
conditions at logistic regression analysis (Figure 1, Table 3). Air 
temperature (although significant) limited only the effect on hyper- 
tension prevalence estimation (B coefficient —0.020 ± 0.010; Table 3). 
When considering only the 1303 subjects with hypertension, self- 
reported BP measurement, hypertension awareness drug treatment 
and BP control were also favorably affected by living in the capital 
area (Table 3). The use of traditional medicine for high BP (self- 
reported by 74 subjects, 59 with a final diagnosis of hypertension; 
Supplementary Table 3S) was independent of gender, decades 
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Figure 1 Association of sociodemographic and environmental factors and comorbidities with hypertension diagnosis (systolic blood pressure 
(SBP)^ 140 mm Hg and/or diastolic blood pressure (DBP)^90 mm Hg at both visits and/or self-reported use of antihypertensive drugs at the time 
of the interview) on multiple logistic regression analysis (including 9416 study participants). Results are expressed as odds ratios (ORs) with 95% 
confidence level (CI). 
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Table 2 HYDY participants with hypertension (among all 
participants), aware of their condition, treated with antihypertensive 
drugs (among hypertensives) and achieving BP control (among 
treated hypertensives) 



Hypertension 



Subjects 
Participants n (%) 



Prevalence* 
% (95% CI) 



Awareness Treated Control 
subjects subjects subjects 
n (%) n (%) n (%) 



All participants 

Total 1307(12.8) 7.7(7.2-8.1) 582(44.5)528(40.4) 127(24.1) 

Urban 631(12.4) 7.5(6.8-8.1) 322(51.0)288(45.6) 72(25.0) 

Rural 676 (13.2) 7.8 (7.2-8.5) 260 (38.5) 240 (35.5) 55 (22.9) 

Capital 573(11.4) 6.4(5.8-7.0) 297(51.8)273(47.6) 78(28.6) 

Inland 422(13.9) 7.9(7.0-8.7) 168(39.8)154(36.5) 33(21.4) 

Coast 312(14.3) 10.1(8.9-11.4) 117(37.5) 101(32.4) 16(15.8) 

Men 

Total 589(11.6) 6.7(6.1-7.3) 240(40.7)215(36.5) 37(17.2) 

Urban 292(11.6) 7.0(6.0-7.9) 128(43.8)111(38.0) 16(14.4) 

Rural 297(11.7) 6.5(5.6-7.3) 112(37.7)104(35.0) 21(20.2) 

Capital 237(9.5) 4.7(4.1-5.4) 116(48.9)105(44.3) 20(19.0) 

Inland 192(12.6) 6.9(5.8-8.1) 70(36.5) 65(33.9) 13(20.0) 

Coast 160(15.2)11.0(9.0-13.0) 54(33.8) 45(28.1) 4(8.9) 

Women 

Total 718(13.9) 8.6(7.9-9.3) 342(47.6)313(43.6) 90(28.8) 

Urban 339(13.1) 8.1(7.1-9.0) 194(57.2)177(52.2) 56(31.6) 

Rural 379(14.6) 9.2(8.2-10.2) 148(39.1) 136(35.9) 34(25.0) 

Capital 336(13.3) 8.2(7.2-9.1) 181(53.9)168(50.0) 58(34.5) 

Inland 230(15.1) 8.9(7.6-10.1) 98(42.6) 89(38.7) 20(22.5) 

Coast 152(13.5) 9.4(7.7-11.0) 63(41.4) 56(36.8) 12(21.4) 

Abbreviations: BP, blood pressure; CI, confidence level. 

Prevalence rates of hypertension (95% CI) are weighted to the Yemen population aged 15-69 
years in 2008. 



of age, urban/rural setting, and level of education, being more 
prevalent in the coastal area than in the capital area (adjusted OR 
2.5; 1.5-4.3). 

The prevalence of diabetes was 2.9% (2.5-3.3) in men and 3.4% 
(3.0-3.9) in women (Table 1). Unlike hypertension, diabetes and 
abdominal obesity were less prevalent in the rural settings than in the 
urban setting, with no differences between the three geographic areas 
(Table 4). Overall, 51 of the 538 subjects with diabetes self- reported 
the use of traditional medicine for DM, and its use was more 
prevalent in the coastal area than in the capital area (adjusted OR 
2.90; 1.52-5.53). Proteinuria (dipstick test ^ + 1) had an estimated 
prevalence of 6.2% (5.6-6.8) and was more prevalent among rural 
(7.3%; 95% CI 6.4-8.1) than among urban dwellers (5.1%; 4.4-5.9) 
and more prevalent among those living inland (6.1%; 5.1-7.1) and on 
the coast (8.9%; 7.3-10.4) than among those the capital area 
(5.1%; 4.4-5.9; Table 4). 

DISCUSSION 

According to the present data, hypertension prevalence in Yemeni 
women is not affected by urbanization, although the hypertension 
rate increases with increasing remoteness; environmental temperature 
at the visit session may influence the assessment of hypertension 
prevalence in population studies. 

In Yemen, the prevalence of hypertension is low, probably because 
the country is behind with regard to the epidemiological transition 



currently occurring in other countries in the area. The hypertension 
rates we observed in the capital area are comparable to rates reported 
in two small surveys investigating self-reported hypertension 8 or 
hypertension diagnosed in the office. 9 According to current findings, 
hypertension prevalence, in Yemen as in Iran, 25 is not affected by 
urban or rural residency. The strong adherence to a traditional 
lifestyle could have a favorable role in hypertension prevalence, 
as alcohol is prohibited in countries such as Yemen and Iran. 25 ' 26 

One of the most important HYDY findings was regional variation 
in hypertension prevalence. Hypertension rates are higher in the 
coastal area than in the capital area. The contribution of well- 
established risk factors for hypertension, such as age, weight, physical 
inactivity, diabetes and obesity, was assessed in the HYDY survey. 
Unlike hypertension, DM and abdominal obesity were more prevalent 
among urban than among rural residents and did not differ between 
the geographical areas. The prevalence of diabetes is higher in the 
middle crescent area than in the Western Regions. 2 We can 
hypothesize that improved nutrition may reveal a genetic 
predisposition to diabetes. The contributions of salt consumption 
and urinary sodium excretion, which are difficult to measure in 
population studies, were not assessed in the present survey. 

Regional variations in rates of hypertension were associated with 
changing rates of awareness, treatment and control. In Yemen, the rate 
of health services coverage for the population is indeed limited, and 
long distances are important obstacles to using health facilities. When 
moving from remote areas of the country to the capital, the self- 
reporting of having BP measured in the last year, hypertension 
awareness, drug treatment, and the possibility of achieving BP control 
markedly increased. The improved access to health-care facilities and 
increased level of education, two factors that are also associated with 
urbanization, seem to have positive effects on hypertension burden, 
especially in women. Hypertension prevalence is higher in women 
than in men at unadjusted logistic regression. However, when 
controlling for sociodemographic and environmental factors, women 
are as likely as men to be hypertensive, aware of their condition and 
treated. Furthermore, more women than men had their BP measured 
frequently in the last year and achieved better BP control. 

Geographical variations in hypertension burden were also asso- 
ciated with differences in the prevalence of proteinuria, which was 
higher among rural than urban residents (the highest rates being 
found in remote areas of the country). The coastal area of Yemen is 
remote, sparsely populated, hot and humid and is an area with 
limited resources. Although the reason for the higher prevalence of 
proteinuria in the coastal than in the capital area requires further 
investigation, we must consider that poststreptococcal glomerulone- 
phritis continues to have a high incidence in tropical climates where 
skin infections are common. Serious implications might thus exist for 
future demand for dialysis in Yemen. 

A negative correlation between temperature and BP was 
reported. 10_12 ' 27-29 However, although the possibility of a higher 
prevalence of hypertension during winter compared with summer was 
recently reported, 29 ' 30 no population study specifically investigated the 
possible bias introduced by environmental temperature on 
hypertension burden assessment in large surveys. The varied Yemen 
topography corresponds to widespread climate changes, with a 
temperate climate in the highlands and high temperatures in the 
coastal region. According to the present data, air temperature was 
negatively associated with a prevalence of hypertension. 
Notwithstanding this statistically evident interaction, geographic 
distribution of hypertension burden follows an opposite direction 
than average air temperature measured during home visits, as 
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Table 3 Effects of urban/rural residency and geographical area on hypertension burden in Yemen 





Hypertension 


Self-reported BP meas. 


Awareness 


Treatment 


BP control 


Factors 


OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


Age (per decades) 


1.91 (1.79-2.03) 


1.21 (1.16-1.26) 


1.13 (0.98-1.30) 


1.16 (1.00-1.34) 


0.66 (0.51-0.85) 


Gender (women) 


1.07 (0.93-1.23) 


1.27 (1.15-1.40) 


1.21 (0.94-1.57) 


1.19 (0.92-1.54) 


1.91 (1.15-3.16) 


Education (categories) 












Illiterate 


1.00 (Reference) 


1.00 (Reference) 


1.00 (Reference) 


1.00 (Reference) 


1.00 (Reference) 


Primary or secondary school 


U./o (.U.bZ— U.obJ 


n qq fn ~7~7 i nn\ 
U.oo (U. / / — 1 .UUJ 


U.yU (.U.b/— L.<d<d) 


U.o4 tU.bl-1. 14; 


HQ/1 1 C\ ^ 1 1 ~7 A\ 

U.y4 (.U.Dl— 1. / 4; 


High school or more 


0.55 (0.45-0.68) 


1.07 (0.94-1.23) 


0.67 (0.45-1.00) 


0.61 (0.40-0.91) 


1.77 (0.86-3.64) 


Temperature (per °C) 


0.98 (0.96-0.99) 


1.06 (1.04-1.08) 


1.00 (0.97-1.05) 


1.01 (0.97-1.05) 


1.07 (0.99-1.16) 


Location (rural) 


1.03 (0.91-1.17) 


1.04 (0.95-1.14) 


0.53 (0.42-0.67) 


0.57 (0.45-0.72) 


0.92 (0.60-1.40) 


Geographical area 












Capital 


1.00 (Reference) 


1.00 (Reference) 


1.00 (Reference) 


1.00 (Reference) 


1.00 (Reference) 


Inland 


1.36 (1.15-1.60) 


0.68 (0.61-0.77) 


0.59 (0.44-0.80) 


0.60 (0.44-0.81) 


0.54 (0.31-0.93) 


Coast 


1.53 (1.25-1.84) 


0.83 (0.71-0.96) 


0.52 (0.35-0.77) 


0.49 (0.33-0.73) 


0.23 (0.14-0.52) 



Abbreviations: BP, blood pressure; CI, confidence level; OR, odds ratio. 

Logistic regression analyses adjusted for age, gender, education and average air temperature at the two survey visits. 



Table 4 Effects of urban/rural residency and geographical area on diabetes, abdominal obesity and proteinuria in Yemen 





Diabetes 


Abdominal obesity 


Proteinuria 


Factors 


OR (95% CI) 


OR (95% CI) 


OR (95% CI) 


Age (per decades) 


1.71 (1.56-1.88) 


1.60 (1.51-1.70) 


0.93 (0.86-1.00) 


Gender (women) 


1.01 (0.83-1.24) 


11.80 (9.87-14.10) 


0.69 (0.57-0.83) 


Education (categories) 








Illiterate 


1.00 (Reference) 


1.00 (Reference) 


1.00 (Reference) 


Primary or secondary school 


0.94 (0.75-1.19) 


1.15 (0.97-1.35) 


0.76 (0.60-0.97) 


High school or more 


0.68 (0.50-0.91) 


0.86 (0.72-1.04) 


0.71 (0.55-0.91) 


Temperature (per °C) 


1.03 (1.00-1.06) 


0.96 (0.94-0.98) 


0.95 (0.93-0.98) 


Location (rural) 


0.66 (0.55-0.79) 


0.60 (0.53-0.68) 


1.55 (1.31-1.85) 


Geographical area 








Capital 


1.00 (Reference) 


1.00 (Reference) 


1.00 (Reference) 


Inland 


1.00 (0.78-1.27) 


0.85 (0.72-0.99) 


1.52 (1.22-1.88) 


Coast 


0.88 (0.65-1.20) 


0.88 (0.72-1.08) 


2.36 (1.81-3.09) 



Abbreviations: CI, confidence level; OR, odds ratio. 

Logistic regression analyses adjusted for age, gender, education and average air temperature at the two survey visits. 



hypertension prevalence is higher in the coast than in the highlands. 
Air temperature may thus only modulate the contribution of other 
factors, with a limited although significant final effect. 

In conclusion, in Yemen, a country characterized by a highly 
traditional lifestyle, hypertension burden is favorably affected by 
urbanization and by living in the capital area. The rates of hyperten- 
sion prevalence and proteinuria are observed to increase with 
geographical remoteness. Thus, the capital area cannot be considered 
representative of the country. 
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